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STABILITY-CLASS DETERMINATION:
A COMPARISON FOR ONE SITE

Brent M, Bowen, Jean M, Dewart, and Anita [. Chen
P. 0. Box 1663
Environmental Surveillance Group (H-8), MS K490
Los Alamos National Laboratory
Los Alamos, New Mexico B7545

1. INTRODUCTION

As part of the Environmental
Surveillance Proyram at the Los Alamos National
Laboratory, meteorological data have been
collected routinely for over three years. The
data provide a means for predicting airborne
concentrations of radioactive or other hazardous
materials from antential accidental releaser to
the atmosphere.

An estimate of horizontal and vertical
dispersion of a puff or plume is needed to
accuratoely predict downwind air concentrations.
The well known Pasquill horizontal (o,) and
vertiral (g,) coefficients arc widely used as
dispersion estimates and are included in air
pollution handbooks such a< Workbhook of
Atmospheric Dispersion Estimates (Turncr, 1969)
and MeTeoroTngy and Atomic Fnergy (Slade, 19683,
An advantaye of Pasqulll dispersfon estimates is
that they can be applied to sites whore a limited
anount. of metearological data are available, The
ostimat o) hased on actual field experimonts, can
he determined using Lhe Pasquill method based on
solar ingsolation and wind speod,  These data can
he derived from local National Weather Service
wat ione,

The purpose of this paper iy to
corvare the Pasquill method of determining
stability clawy at g site with drregular terrain
with other cammonly used methods: (1) vert lcal
Lemperature difference (A1), 12) Richardson number
(Ri) el Bulk Richardson nanber (Rig), and (3)
hord zont a1 standard deviatfon of wind (o) aad
vert foal standard deviat lon of wind (o,).  Alun,
the indirect methods of measuring turbtlence, such
as the Pasquill method, are compared to divedt
measares ol turbulence, o, and o0 This paper
{n basved on other stuadies that compare veriauos,
shability metaods with the Pasquill stability
method: Lean and Church (19°7) and Sedetfan and
lennett (jann),

L. Ml THODGOL OGY
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The Tos Avamos Nat fonal Laboratory s
located on the Pajar fto Plateay on the cantmn
tlhanks of the Jdemez Mount aing,  The Sangre de
Ledsto Manatatng ae nearly /O km to the vant .
Thee Plateau stopes fram Che bhaye of the Jdemes
Mountatoe (00 MSE) eant oot heast ward down 1o

the Rio Grande River (~1700 MSL), over a distance
of 25 km. There are numerous alternating “finger"
mesas and canyons running along the slopeline of
the Plateau. The canyons are 50-100 m deep and
200-600 m across, while the mesas vary in width
from 100-200 m.

The data presented in this paper were
collected at the State Road 4 statton, Wind
direction and speed were measured at 1.3, 4,0, and
12.0 m; temperature at 1.3 ard 1?2 m; and solar
radiation at 4 m, The tower stands on the edge of
a smooth, sandy mesa top. Short grass and brush
(~0.5 m) and a few juniper and pi%bn trees (~3 m)
srow in the vicinity., A canyon 600 m wide and
100 m deep lies about 50 m to the south. The site
elevation is 2140 MSL.  The other site, the
Occupat ional Health Laboratory (OHL), has a 23 m
tower on a one story (4 m) building, The buitding
is sterounded by paved parking lots and a paved
roadway. However, ponderosa pine trees (20 m)
stand In all directions, making this a relatively
rough site,  In addition, a canyon approximately
260 m wide and 50 m deep Tiew YO m to the south.
The OHL site elevation is 2250 ML, Wind
direct ton and speed are measured ot 23 m oand
temperat ure Is measured at 22 m and 1,2 m. Tota)
solar radiation ts also measured ot the site,

Tdontfcal instruments at the two sites
measured horizont al wind speed and divection,
vertical dnd velocity, and temperature.  An
anemonet e measured the theeo components of Lhe
wind,  Thermistors equipped with blowers measared
the alr temperature. Pyranomet ers were used to
measure total solar radiat fon,

B Data

A year of Theminute averaged
met corological data (September 1981 -Auqust T9R)
woern gsed from both sites in this stwdy,  Results
from the OHL site were similar to those at the
SMate Rowd 4 site; therefore, only data from State
Rowd 4 were toc Tuded In this pape. Fach varfable
was, measured every h secondy by a Tos Alamos
desdgned and bub it mbovopracecaor, The
micraprogesaar averages sach variable for 14
minugte pertods,  In additton, h-minute averaged
standard deviat fons were compit ed tor the U0V,
and W componenty of the wind,  The averaged
hortzantul wind speed and divect fan, along with
the haetzont al wind standard deviat ion, o,
were then compated anatyt tcally trom the U and V



components, The standard deviation of the
vertical wind direction (00) was estimated from
the following:

o4 = UH/U.

The Richardson number (Ri) was calculated for the
State Road 4 site at 4.0 m from the temperature
and wind speed at 12.0 and 1.3 m:

Ri = g(an/az)
T( AU/ A2)2

The Bulk Richa-dson number (Rig), or Stability
number, was calculated from the upper wind speed
and both tempcrature levels at both the State Road
4 and OHL sites:

In. -7
RiB - g9n (&z)z
TU“

C. Pasquill Class DNetermination

The well known Pasquill categories
were determinad from the surface wind spead al the
10 m level, time of day {night or daylight), and
type and amount of cloud cover, An objective
method was used in this study to determine the
stabllity class for specific 15-minute periods;
Table 1 shows this method, Note hat ali time
perfods with wind speeds <05 m/s were doieted
from the datay these light winds accounted for
about  -10% of all data, Also, a solar radiation
value of 0,0% ly/min was used ay v cutof( for
dayt tme and nightt {me,

Table 1, Key to Stabitity Cualegories
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1. ANAL b ANL DESCOSSTON

Ao Pasquill Categories ve Al

Thee Al method by commonly yned an g
stabt ity Indictor and {4 one ol several met hods
vecommended by the .5 Noclew Requlatory
Comminston (NRC) n NREC Safety Gobde 1,23 (1974),
In thinv study, Al distinqulshes, stable, negteal
and unstable condit fony remarkably well, Tigme |
showe the coamglat ive frequency ot AL for eagchy
Pavgqut L stabi ity o dans, It by o loar that Al

STATE ROAD 4 (SEP 81 AUG 82)
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Fig. 1. Cumulative frequencies of AT for each

Pasqual stability class,

nonrly distinguishes the individual unstabla (A,
B8, C) and stable (E, F) categories, A cumualal ive
frequency of AT for cach cateqary determined by Ri
(not. shown) shows similar results as in Fig. 1.

B. Pasquill Categories vu Ri

The Ri s a much better indicator of
individual stabillty classes than Al Figure 2
shows Vthe cumulat ive frequency of R for each
Pasquill <t ability cateqory, Nole that Yhe valyes
of i hecome larger as the stability hecomes more
stable (i.e., AE). Unbike AT, i doey dintin
quish Lhe iodividual unstable (A, B, C) am) «table
(. I') cateqories, Nole the Targe grouping of
near 0 values of RY tor Lhe neatral D oot egory,
Also, far each categqory A-[, the %% fregquency
value of Ri corresponds ta Tegs than 20 for the
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next most stable category. A comparison of
Pasquill categories vs categories determined by Ri
js shown 1n Table 2. Note the high percentages of
simultaneous occurrences for both methods. The
categories are coincident ahout 65% of the time
whilc they are within one category 96% of the
time.

Table 2. Prrcentage Occurrence of Pasquill
Stability C.ass v4 Stahility Class Determined by
Ri*

Pasquill + A B C D E F Tot al
e BN S ota
¥

A (<-1) 5.0 3.1 0.1 0.0 0.0 0.0 8.2

8 (-1- 1.9 13.5 4.5 0.1 0.1 0.6 20.7
-0.1)

c (-0.1- 0.0 1.9 7.8 3.9 0.2 0.3 6.7
-0.05)

D {-0.05- 0.0 0.5 2.6 23.1 2.5 0.9 37.0
+0.07)

£ (0.07- 0.0 0,0 0.4 0.3 4.1 5.1 11.8
+0.25)

F(»0.75) 0.0 0.6 0.1 0.4 4,1 10.6 15.8

jotal 20.0 T°.3 s 17,0 147 TO0.0

*The range of values for Ri were determined from
thir study,

[he values of Ry used in this stuly to
determine stability cateqories are Tower in
ahsolute value than any values seen in Lhe
Vitorature,  This iy eypectally true for the
unstable cateqaries,  For example, {(Businyer,
1973) sugqests an upper limit for Ri of =% for the
A cateqory compared to -1 in Lhis study.

The good agreement. of Pasquill
stability cateqory with Ri and Riy (nut shown)
in thiy study differs trom Lhe vesults of Luna and
Churech (10}?{. IThe ditfereance may be that the
Rip wae calealated from temperature data at 3 m,
40 m, and from wind speed ot 40 m in thelr study.

o Pasqui ll Categosies v ay
.. ““iﬁr._l.l.”:. —_— - . FIPEN

A Lrae test of the usefulness, ot
stabi ity paowmet ers by the degreee Lo which They
can prediet Uhe disperston capability of the
wimasphere,  The standard devial fong of the
hov bzontal and vertical wind divection (o,

n",‘) are direct ly related Lo atmospher (o
turbulence,  Thoy are ol commonly yned as

stab Tty themuelven,  The NRC(1972) recommengd-s
ustng o et of ranges o o te determine the
stability coltegoey,  Likewrae, the oy ivonment al
Mrotect ton Agency (TIPA) vecommends the ane of vy
to determine the <tability cateqgory (1980),

The cumalat fve feecuend fes of obLeryed
ap for each Pavgud 1l cabeqoaoy are shown in g
Lo e medban values of oy decrease as the
Panqui 11 cateqgory goes trom A to D, However, the
vy Values actually hecome Larger for the stable
cateqorbes oad F o Thisn by due 1o the
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Fig. 3. Cumulative frequencies of o, for each
Pasquill ctability class.
predominance of wind meander during stable
conditions over Lhe complicated terrain, Even for
the categories A-D, on does not correlate with
the Pasquill cateqories as well as R and Ri“.
For each cateqory A-C, the 65% frequency level of
ag corresponds with the 35% Tevel of the next
more stable class.
The cumulative frequency of o, for
cach stability categnry are presented in Fig. 4,
A far the rase of og, the medians for
cateqariey A-D decrease linearly while rategories
[ and I show an increase in o, over cateqory D,
The o, correlates shightly better with the
stabiTity categories than ay uver the mi .
comtlative froquency range, Also, note hnw wel)
a, predicts A stability,
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A big problem in predicting the
Pasqu’ | category with og or -, is w1ng

me and The EPA (1980) has p ~nd a melhod to
account for wind meander when u ag to

predict Pasquill category. Tabls shows this
method along with the ranges of o r each

Table 3. Nighttime Pacquill Stazi. 'y
Categories Based on o
and if the ‘hen the
If the oy 10 m speed, -ability
stability class is U, is (m/s) g, is
A (ag > 22.5) U<z2.9 F
2.9 <U <36 E
3.6 < U D
B (22.5 > gy > 17.5) U<7.4 F
2.4 <U <3.0 F
3.0 U f]
C (17.5 > a4 > 12.5) U<?7.4 E
4 <U D
D (12.5 > a5 > 7.5) wind speed not n
considered
F (7.5 » agq > 3.8) wind speed not. E
considured
F (3.8 a) wind speed nol  F
considered

stahility class. The a, values were used in
determining Pasquill categories according to this
method, Table 4 shows the results, Note the good
correlat ion between coincident o and Pasquill
cateqories,  Nearly 49% of Lhe time both methods
produce the same stability calegories.  However,
the two methody are within 1 caleqory about 90% of
Lthe time,  There is a tendency for gy Lo

inlicate siightly more unstable conditions,

V. SUMMARY  AND CONCLUSTONS

Various methods for determining
stability ¢ lass are analyzed and compared wilh the
Favqui 1Y classification scheme at 2 sitey with
irveqular Lerrain,  The Pasquill calegoriey were
ostimat od abjectively and compared with other
stability indicators for Dheminat o periods over o

yoear,

Tahle 4, Percent age Oucurrence of Pasquill
Stabbl ity Clasy ve o Stability Clasws

Pasgefdd = A B L 0L L Iotal

lln
A a7 1.1 0.7 0.3 0,0 0,0 6.1
] 1.1 h N2 00 0.0 g
(% 040 Ky 4.1 0.4 0.0 1404
N a2 LLowy 2o A ol dls
| n.0 0.0 u.u 6.9 3.4 1.7 1r.0
! 0O 0.0 0.0 Y A 6 14
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The vesult sy show that neaw -wavface Al
dixtinguishes the neatval D ooategory very a0l l,
However o 1t does not dbfferent Fate the wpecdf b
st le and unstable categovies very well,  Both
the Y and '“I!' fndicatore of both thereal and

mechanical turbulence, correlate very well with
and distinguish the differcnt stability

categories,

The standard deviations of horizontal
(og) and vertical (o,) wind direction are also
shown to be good indicators of Pasquill Stability
for categories A-D. For stable categories E and
F, both ag and o, become larger due to wind
meander ., Howevep the good correlation for aj
extends to the stable E and F stability categories
when an EPA proposed method for correcting
nighttime wind meander is used.

It is concluded that the use of Ri,

Rig, gy and oy are all rather good

indicators of Pasquill Stability Catequry at a
site with irreguiar terrain. The ranqges of Ri amd
Riq used for stability class, however, are quite

ifferent from others in the literawure, The
Pasquill method, therefore, appears to be a good
indicator of turbulence over irrequler terrain,

Due to the irreqular terrain, the
various met hods of deterinining stabhility may be
even better indicator; of turbulence and diffusion
if the wind direclion were Laken into account, 1L
is suggested that further study investigate the
methods by wind direction,
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